An unplanned intensive care unit admission within 24 hours of a procedure with an anaesthetist in attendance (UIA) is a recommended clinical indicator. It is designed to identify preventable iatrogenic complications. Often understood as a specific anaesthetic outcome, its value has been repeatedly questioned. Iatrogenic complications however, often result from successive mishaps. In the specific context of an UIA these complications can be related both to anaesthesia and surgery. UIA is therefore probably more a global indicator of the safety of surgical care (anaesthetic and surgical) rather than a specific anaesthetic outcome. Its utility as such is however unknown. The purpose of this study was to assess the value of UIA as a global measure of avoidable iatrogenic complications in surgical patients.
It has long been recognised that admissions to the intensive care unit (ICU) can be due to complications caused by patient care rather than by patient illness [1] [2] [3] [4] . This is particularly true when ICU admissions occur in an unexpected manner 5 . This is why an unplanned ICU admission within 24 hours of a procedure with an anaesthetist in attendance (UIA) is a recommended clinical indicator for patient safety measurement [6] [7] [8] [9] . Used as a screening tool, it can draw attention to patients most likely to have suffered a potentially avoidable iatrogenic complication. It has been introduced as a quality improvement tool 10, 11 in Australia following a close collaboration between the Australian Council on Healthcare Standards and the Australian New Zealand College of Anaesthetists. It is therefore largely considered as a specific anaesthetic outcome. However, when used as such, findings are often disappointing. Authors identify most often non or only partially anaesthesia-related issues associated to this clinical indicator 12, 13 . Iatrogenic complications are often found to be non-preventable from an anaesthetic perspective. However, large scale accidents analyses have demonstrated that there is rarely a single cause to a disaster 14, 15 . Iatrogenic complications are often the result of successive mishaps as nicely illustrated by the well known "Swiss cheese" model developed by Reason 16 .
UIA is therefore probably more a global indicator of the safety of surgical care (anaesthetic and surgical) rather than a specific anaesthetic outcome. However its utility as such is currently unknown.
The purpose of this study was therefore to assess the effectiveness of UIA as a screening tool to identify avoidable iatrogenic complications related to surgical and anaesthetic care within the first 24 hours of a procedure with an anaesthetist in attendance.
MATERIALS AND METHODS

Study site and data collection
The study was performed in an adult universityaffiliated hospital covering all specialties. Data were collected from medical charts and hospital information systems. These included the hospital administrative database and the ICU and anaesthesia departmental databases. The latter was organised as a comprehensive electronic patient record with patient demographic characteristics, medical history, current health status, medication usage, the ASA score, details of the procedures and associated incidents. Data from the 24-hour follow-up visit, including unplanned admissions to the ICU, were also recorded in the dataset.
Study design and indicator definition
After institutional and university ethics approval, we retrieved from the anaesthesia electronic patient record all cases of patients with an unplanned admission to the ICU between October 1995 and December 2000. To be considered valid, UIA patients had to be patients who were not scheduled for postoperative admission to the ICU at the beginning of the procedure. This had to be confirmed during the 24-hour follow-up period by the quality assurance coordinator or anaesthesia registrar. Furthermore, the patient's unplanned admission status also had to be confirmed by an additional data source, either the ICU database or medical records.
To limit the definition of UIA strictly to the safety dimension of perioperative care ("avoidable incidents"), we excluded all cases who were routinely scheduled at the study site for postoperative admission to the ICU, such as cardiac surgery and lung transplantation, and those for which emergency circumstances did not allow the preoperative booking of an ICU bed (i.e., patients with a ruptured aorta, multi-trauma or with an ASA V E status admitted after hours). This was done to avoid including these patients in whom unplanned status might relate more to preoperative planning and communication issues than to patient care.
Data processing
Demographic variables, co-morbidities, medical history, current health status, medication usage, ASA physical status classification, details of the procedures, including timing, emergency status and associated incidents were extracted from medical charts and the electronic patient record by a first reviewer. Co-morbidities and surgical procedures were classified according to the International Classification of Disease, 10th revision, Australian modification 17 . Patient outcomes were extracted from the ICU electronic data management system and from the hospital administrative database. These included 30-day in-hospital mortality, ICU mortality and length of hospital stay.
For each patient, the first reviewer prepared a short patient history and an abstract of all relevant events occurring during hospital stay. All relevant documents enclosed in the medical chart (i.e. anaesthetic record, operation report, ICU admission summary, autopsy report if applicable) were photocopied and made available with the patient summary to two additional reviewers.
These used the peer review protocol developed by the Victorian Consultative Council on Anaesthesia Mortality and Morbidity (VCCAMM) to assess each UIA patient's history for potentially avoidable iatrogenic complications 18 .
A shortened version of the VCCAMM peer review protocol was used and reviewers were asked to consider both anaesthetic and surgical complications and errors. Both reviewed cases separately.
They were asked to identify complications first. They were then asked to determine whether these were iatrogenic (caused by patient care) and finally whether these iatrogenic complications related to anaesthetic and/or surgical care (categories one to three).
All complications were classified according to pre-defined dominant categories used in the Quality in Australian Healthcare study [19] [20] [21] . If the complication was found to be inevitable, fortuitous, unassessable or unrelated to anaesthetic or surgical care (non-iatrogenic), it was not considered further (category four). Reviewers were then asked to determine preventability of the iatrogenic complications identified. They could choose between respectively six and 22 different predetermined categories and subcategories of possible contributing or causal factors. A seventh category was kept for cases where no specific reason could be found. This category was considered to represent nonpreventable complications.
The primary screening and preparation of abstracts and files were performed by an experienced anaesthetist who had the specialty accreditation, seven years clinical practice within the discipline and three years practice in surgery and internal medicine. The overall assessment for iatrogenicity and preventability was performed by two independent reviewers, both specialist consultants in anaesthesia in a university-affiliated hospital. Both had more than 10 years clinical practice within the discipline and had experience in the peer review process of clinical practice.
Data analyses
Four separate analyses were performed. In the first we measured the proportion of iatrogenic complications (anaesthesia and/or surgery related) amongst UIA patients (categories one to three). In the second analysis we assessed the proportion of iatrogenic complications amongst UIA patients which were found to be preventable by reviewers. All avoidable complications were investigated for causal factors in the third analyses. Finally, the level of exact agreement and kappa score (agreement beyond chance) between both reviewers were assessed. Proportions are expressed as percentages and kappa scores reported with 95% confidence intervals (CI).
RESULTS
Between 1995 and 2000, 212 patients had an unplanned admission to the ICU: 82 had their unplanned admission status confirmed by the ICU database and 119 by medical charts. Of this initial cohort of 201 patients, 13 (6.5%) had to be excluded as no medical chart could be found, so 188 patients had their chart finally reviewed. The flow chart of the sample selection process is described in Figure 1 .
Relevant demographic and clinical characteristics, type, duration of procedures and outcomes of UIA patients are described in Table 1 
Cause of iatrogenic complications (reviewer A)
27% 
Iatrogenicity
The proportion of complications amongst the 188 UIA patients was very high. In 87% to 92% of UIA patients, a complication caused by anaesthesia and/or surgery was found. Anaesthesia alone was found to play a role in 24% to 31% of the cases.
Other cases related to the combination of anaesthesia and surgery (26% to 35%) or surgery alone (27% to 37%). Only 7% to 13% of complications were classified as fortuitous and unrelated to patient care, mainly communication and planning issues.
The level of exact agreement between reviewers regarding iatrogenicity and primary cause of complications was good at 59.5 %. The kappa score (agreement beyond chance), was 0.44 (95% CI: 0.39 to 0.48). Results are summarised in Table 2 The most frequent type of complication amongst UIA patients was haemorrhage occurring during or immediately after procedure. This included bleeding resulting from problems associated with surgical access and postoperative bleeding of various origins. When bleeding was associated with inadvertent blood vessel damage, it was classified as "damage to internal organs and major blood vessels", "technical mechanical failure", "complication of endoscopy" and "complication-percutaneous needle/catheter/tube". This represented altogether 23% of complications in UIA patients. These were followed by fluid and respiratory related complications (10%). These included severe acute pulmonary oedema occurring during or at the end of the procedure and associated with incidents such as laryngospasm, massive transfusion, postoperative respiratory depression or acute cardiac failure. Cardiac complications such as angina, infarction (confirmed by troponin, creatine kinase and ECG) and cardiac arrest occurred at the same frequency (10% of undesirable outcomes in UIA patients).
Damage to the central nervous system and "cerebrovascular accident with/without hemiplegia or paraplegia" represented 7.6% of adverse outcomes. It grouped different types of central nervous system complications such as acute cerebral infarct, hydrocephaly and intracranial hypertension, usually diagnosed following the acute onset of hemiplegia or coma. These were often associated with complications occurring during neurosurgery or carotid endarterectomy.
Other complications (4%) included various types of undesirable outcomes and harm sustained by UIA patients such as sustained cardiac arrhythmia, aspiration pneumonia and septic shock requiring intensive care management.
A number of adverse effects of medication and colloid/blood administration were observed, but represented only 1.8% of the overall number of events. Problems associated with delayed procedures and mismanagement leading to UIA were found in 1.5% of the adverse events. Severe pain (1.3%) was considered as patient harm if it required a substantial intervention by the surgeon or anaesthetist (i.e. new operation or insertion of an epidural catheter). UIA=unplanned intensive care unit admission. 
Preventability
Of the 188 UIA patients, 68% to 80% had adverse outcomes and injuries which were found to be not only iatrogenic but also preventable. The overall proportion of preventable complications amongst all iatrogenic complications was 74% to 92%. The level of exact agreement between reviewers regarding preventability of complications was 79.7%, with a kappa=0.23 (95% CI: 0.16 to 0.29). Results are summarised in Table 4 .
The different categories of causes and contributing factors leading to iatrogenic complications were analysed. Amongst preventable causes of complications, both reviewers found that the most common cause (39% to 52%) related to the choice and application of the anaesthetic or surgical technique. Anaesthesia-related factors were mostly inappropriate airway-ventilation management and failure to provide adequate support when there was haemodynamic instability. Some examples include unrecognised oesophageal intubation, endotracheal tube misplacement and poorly treated haemodynamic instability in recovery room. Combined anaesthesia-surgery related factors were mainly due to poor coordination between teams and inadequate or delayed treatment following intraoperative complications. Surgery-related factors were mainly due to inadvertent blood vessel section or poor anastomosis. The second most common cause related to preoperative assessment and management (24% to 27%). This was mainly due to poor preoperative assessment of the severity of patients' co-morbidities and subsequent inappropriate intra-operative management. The third main cause was found to relate to anaesthesia drug management for reviewer A (12%) and to other types of preventable factors (poor supervision, failure of interdisciplinary planning) for reviewer B (8.6%). Most cases of inappropriate drug management related to inadequate use of opioids and reversing of neuromuscular blocking agents. Postoperative mismanagement related mostly to inappropriate, delayed or omission of active intervention by the anaesthetic or surgical team in matters related to postoperative management (i.e. pain management, bleeding, ruptured intestinal anastomosis). Equipment or monitoring failures and inappropriate crisis management were found to play only a limited role (1% to 6%). Reviewers' classifications of causes for preventable complications are described in Figure 3 .
DISCUSSION
This study provides substantial support for the value of UIA as an indicator of avoidable iatrogenic complications in surgical patients. In 87% to 92% of the 188 UIA patients analysed, a complication caused by anaesthesia and/or surgery could be found in medical charts. Anaesthesia alone or in combination with surgery played a major role (24% to 31% and 26% to 35% respectively). Surgery alone was responsible for 27% to 37% of complications: 74% to 92% of these complications were found to be preventable. Most related to inappropriate airway-ventilation management (anaesthesia-related) and bleeding resulting from inadvertent blood vessel section or organ perforation (surgery-related).
These findings are similar to those of the Quality in Australian Healthcare Study (QAHCS) and the Harvard Medical Practice Study 19, 22 . In both studies authors found that 34.6% to 76% of preventable adverse events related to "failures and errors in the technical performance of an indicated procedure or operation". This shows the importance of proper training for healthcare professionals in the use of invasive procedures and their increased risk for patients. The study also found that the second most frequent type of errors related to pre-and postoperative management of patients. This finding is particularly interesting as during the study period a new patient management plan was introduced in the hospital to reduce hospital stay. This resulted in patients being admitted on the day of their procedure instead of the day before and the turnover to be increased. This might have had a negative impact on patients' preoperative assessment and postoperative management, as suggested by this study. Further analyses would be necessary to confirm this finding.
These findings also confirm the usefulness of UIA as a marker to identify iatrogenic complications. As we used the same classification method and a closely-related peer review process for adverse events, the QAHCS study findings can be used as a historical control group of non UIA patients 19 . If UIA had not been used to screen medical charts, reviewers would have found 46.8% of the patients with a perioperative adverse event, the prevalence of operating room-related adverse events provided in the QAHCS. The use of UIA as a marker of iatrogenic complications doubled the effectiveness of the review process as we found 87% to 92% of complications caused by anaesthesia and/or surgery amongst UIA patients. These findings are corroborated by a number of related studies. Although neither used the strict definition of UIA we used in this study, nor considered UIA as a measure of both anaesthetic and surgical complications, all confirmed the value of analysing admissions to the ICU. Rose et al found for instance that 75% of patients with an unplanned admission to the ICU had an intraoperative respiratory adverse event 23 . In another study, Swan et al found that of 34 unplanned ICU admissions 47% were predictable and 20% were preventable 5 . In a systematic audit of 11,864 operations, Toomtong et al found that 81% of unplanned admissions were related to a cardiovascular or respiratory adverse event and 52% of these adverse events were wholly or partially avoidable 24 . Others, however, have expressed reservations about the validity and usefulness of reviewing ICU admissions. In one study, authors found no clear safety concern amongst patients with an unplanned transfer to the ICU from the operating theatre 12 . In another, transfers from a general care to a special care unit was considered ineffective because it uncovered only 16% of potentially compensable events 25 .
In yet another study, authors found 31.5% of patients with an unplanned admission to ICU having mortality or morbidity fully or partially related to anaesthesia of which only 5.5% could be considered as preventable 13 .
These different findings can be explained in several ways. First, methodologies varied widely between studies. Definitions of unplanned transfers to the ICU combined a broad range of conditions and none applied the restrictive definition used in this study except in one 13 . In this study authors used the same peer review protocol 18 but they looked exclusively at anaesthesia-related admissions and restricted their analysis of preventability to the admission process itself ("was admission preventable"). In our study we considered both anaesthetic and surgical complications and analysed rather than the admission process, whether complications themselves were preventable or not, according to indicator's initial definition. By analysing all possible safety issues occurring in UIA patients, we captured a wide range of events of which many were preventable. Furthermore, to increase accuracy we cross-checked all cases of unplanned admissions identified in the anaesthetic departmental information system with two additional datasources. We tried also to minimise the proportion of patients whose admission related more to planning or communication than safety issues and excluded all cases of patients which had a routinely planned admission to the ICU. This probably limited the number of false positives and contributed altogether to increase its overall effectiveness.
There are however, limitations to the current study. First, all reviewers had, to some extent, significant knowledge of the study hypothesis and purpose. Data were extracted from medical charts and other datasources by one researcher who prepared and provided a synopsis to the two other reviewers. This might have strongly reinforced detection of adverse outcomes as well as rating of preventability.
However, to minimise this detection bias, the whole review process was standardised and the different steps of the review process, from the preparation of the synopsis and accompanying documents to the final assessment of the preventability of adverse outcomes, were performed by independent researchers, blinded to each other's findings. The first researcher limited his activity to the screening of medical charts of UIA patients, the preparation of a standardised patient summary and the photocopying of medical charts and any other relevant document (e.g. ICU discharge summary). The assessment of events into iatrogenic/non-iatrogenic and preventable/not preventable was performed by two reviewers, working independently from each other. This protected the review process against biases from particularly influential personalities. Furthermore, to avoid biases stemming from the use of only one data source, the presence of an adverse outcome or injury was cross-checked within several data sources, including the anaesthesia incident reporting system, the ICU database and the hospital administrative database (for mortality). Finally, in addition to the synopsis, a number of additional documents were systematically photocopied (whenever possible) and made available to reviewers: the anaesthetic chart, the hospital and ICU discharge summaries, the nursing reports of the 48 hours preceding the surgical and anaesthetic procedure. These were organised into three different files and provided to reviewers with patients' standardised summary. The two reviewers could use the files to cross-check information or extract more details from patients' history to make their final assessment. However, as these were not systematically used, a detection bias cannot be fully excluded.
The third type of limitation of this study relates to the use of the structured implicit review protocol itself. Although some studies have shown satisfying performance of the structured implicit approach 26 , it cannot be considered as reliable as when explicit predefined criteria of what is acceptable or unacceptable care are defined before the review is done.
In an implicit review, reviewers' own perspectives on what represents appropriate or inappropriate care remain the sole criteria for error assessment. It is a qualitative assessment method which largely relies on observers' scientific credibility. Researchers are the instrument of measurement 27 . This remains a significant limitation of the peer review process.
We tried to minimise this issue by using a triangulation approach. Triangulation methodologies are widely used in qualitative research and are designed to reinforce the validity of assessor's findings by ensuring that results are reproducible using other data sources, other observers and other measurement approaches 28 . In this study we used several data sources to prepare a standardised patient summary and made available all relevant documents extracted from the medical chart or hospital databases to reviewers. Assessment was performed independently by two different reviewers. The presence of a complication was assessed according to two different methods, chart review and the analysis of the anaesthesia incident reporting system. Results were largely reproducible across measurement methods and observers. More than 80% of adverse events identified by reviewers in medical charts were confirmed by the anaesthesia incident reporting system 29 . Observers found nearly the same number of complications, 87% and 92% respectively in the datasources assessed. The overall reliability of the review process was confirmed by a good level of agreement between reviewers (exact agreement 59% to 79%). To reinforce the overall validity of this review process, additional procedures could be performed in further studies on this clinical indicator such as, for instance, source-checking (confrontation of study findings with staff members involved) or transfer (simultaneous analysis of UIA patients in several different hospitals) 28 . Despite these different limitations, the implicit approach is the only method that can be used for patient safety measurement. The occurrence of an accident implies by definition a number of unexpected events which cannot always be defined in advance.
Standards are not definable for each step of the anaesthetic process. For example, it is possible to define a priori that a patient should be systematically assessed before an anaesthetic procedure and that anaesthetic equipment should be systematically checked. However, it becomes more difficult to define in advance under what circumstances hypotension or ST changes (ECG) are "acceptable" as fortuitous events reflecting patients' condition and when they should be called "unacceptable" and classified as errors. Furthermore, if many experts seem to agree that evidence-based measures of optimal processes of care, such as, for instance, the number of patients with myocardial infarction receiving a ß-blocker can provide scientifically sound indications of good clinical practice, there is still a large debate as to whether these measures really reflect the complexity of everyday clinical practice and physicians' competence 30 . The absence of prescription of a ß-blocker after a myocardial infarction, for example, might be considered as poor clinical practice according to evidence-based standards. It will however, still remain acceptable in the clinical context of a patient refusing the treatment or having a known idiosyncratic reaction to ß-blockers.
The fourth limitation of this study relates to the fair to moderate level of agreement beyond chance between reviewers (kappa score between 0.23 to 0.44). One of the reasons could be the kappa paradox [31] [32] [33] (low kappa score despite a high level of exact agreement). As the kappa score reflects the agreement beyond chance, it is strongly influenced by the calculation of the level of agreement due to chance or expected agreement. If there is substantial imbalance between marginal totals, of rows or columns, due to reviewers mostly agreeing or mostly disagreeing, the expected agreement will be abnormally high and the kappa score abnormally low. Some authors tend to suggest that the interpretation of the kappa score is truly reliable only when the distribution of total agreement and disagreement is equally balanced 34 .
This also partially explains why usual kappa scores reported in the literature regarding agreement between reviewers rarely exceed 0.4, which can be considered a very good score for a peer review process 35 . Another reason to explain this low level of agreement beyond chance between reviewers could be due to the use of retrospective data. Some were almost 10 years old at the time of the study and were sometimes incomplete. This increased the level of imprecision in the information provided to reviewers and the likelihood of assessing charts superficially and unreliably. Furthermore, reviewers were both experienced anaesthetists but did not have similar experience in surgery and intensive care. This might have introduced a significant level of variability between reviewers in the assessment of non-anaesthesia-related complications. To improve reliability, the data collection could have been performed prospectively, an approach demonstrated to increase the level of agreement between reviewers 36 . The assessment of cases by anaesthetists, surgeons and intensivists using consensus methods such as, for instance, the Delphi technique could have potentially also improved reliability 37 . Further research on the assessment of causality and preventability of iatrogenic complications in UIA patients should consider these different aspects.
The fifth type of limitation relates to preventability. Although the number of iatrogenic adverse outcomes is very high amongst UIA patients (87% to 92%) the number of those events which are preventable is smaller. This suggests that there are still a number of complications associated with anaesthetic and/or surgical care which are not related to safety issues and may be considered as inevitable or fortuitous. This could limit the effectiveness of UIA as a marker of patient safety. However, when compared to a prevalence of 46.8% of operating room adverse events in non-UIA patients 19 with 43% of preventable events cited in the QAHCS study, the number of preventable iatrogenic complications found amongst UIA patients in this study can be considered as higher (68% to 80%), underlining the good effectiveness of this clinical indicator.
Finally, as we excluded all patients undergoing open heart surgery, transplantation and all severe trauma patients, we limited the generalisability of the indicator. However these patients are in most hospitals routinely planned for a postoperative admission to the ICU and the presence of an unplanned status may reflect more communication issues and poor patient condition than avoidable incidents, the primary measurement purpose of the clinical indicator. Furthermore, the VCCAMM peer review protocol was chosen because it is one of the few which allow the identification of both surgery and anaesthesia related complications. However, in its original format it is not designed to determine preventability of surgery-related complications. It had therefore to be extended. Its true value is consequently unknown.
Despite these limitations, the analysis of medical charts of patients with UIA identified a large number of preventable iatrogenic complications occurring during the perioperative period. A significant number of these complications related to the combination of anaesthetic and surgical care. This reflects the close interaction between anaesthesia and surgery, which makes it particularly difficult to identify the exact impact of one or the other on patients' outcome. This also shows some of the limitations of patient safety measurement in anaesthesia.
As a consequence, UIA should be considered more as a global measure of patient safety in surgical patients than as an exclusive measure of patient safety in anaesthesia.
CONCLUSION
Our findings suggest that an unplanned admission to an ICU with an anaesthetist in attendance within 24 hours of a procedure is a valuable screening tool to measure avoidable iatrogenic avoidable complications in surgical patients. Most of the 188 UIA patients (87% to 92%) assessed following a peer review process of medical charts had an iatrogenic complication occurring during the perioperative period.
These complications related in equal parts to anaesthesia, surgery or the combination of both. Most of these complications were preventable (74% to 92%). This study provides support for the systematic use of UIA as one measure of patient safety in surgical patients.
